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[57] ' ABSTRACT 

A semiconductor integrated circuit having a power 
supply terminal, ground terminal and a substrate bias 
terminal comprises a substrate voltage generating cir 
cuit connected to the power supply terminal and the 
ground terminal for generating a substrate bias voltage 
of a predetermined value and for applying the same to 
the substrate bias terminal, a MOS transistor provided 
between the substrate bias terminal and the ground 
terminal for bringing the substrate potential to the 
ground potential when the supply voltage of the power 
supply terminal exceeds a prescribed voltage value and 
a plurality of diode connected MOS transistors con 
nected between the power supply terminal and the gate 
of the MOS transistor for deciding the prescribed volt 
age value. 

18 Claims, 6 Drawing Sheets 
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ON-CHIP SUBSTRATE BIAS GENERATING 
CIRCUIT HAVING SUBSTRATE POTENTIAL 

CLAMP AND OPERATING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to biasing the sub 

strate of a semiconductor integrated circuit containing 
?eld effect devices, and more particularly, to a method 
of and apparatus for controlling substrate bias potential 
to prevent parasitic transistor latch up tending to occur 
in response to excessive power supply voltage. 

2. Description of the Prior Art 
A dynamic type semiconductor memory device has 

been well known. It is used as a main memory of a 
computer. FIG. 1 is a block diagram showing a whole 
structure of such conventional dynamic type semicon 
ductor memory device. 

Referring to FIG. 1, the dynamic type semiconductor 
memory device (hereinafter referred to as dynamic 
RAM) comprises a memory cell array including a plu 
rality of memory cells serving as a memory portion, a 
row decoder and a column decoder for selecting the 
address thereof and an input/output interface portion 
including a sense ampli?er connected to an input/out 
put buffer. The plurality of memory cells are connected 
to each of the intersections of the word lines connected 
to the row decoder and the bit lines connected to the 
column decoder and these word lines and bit lines form 
ing a matrix. Thus the said array is constituted. 
Next the operation will be described. Upon receipt of 

the externally applied row address signal and column 
address signal, a memory cell is selected which is at the 
intersection of one word line and one bit line selected by 
the row decoder and the column decoder and the infor 
mation is read from or written into the memory cell 
through the input/output interface portion including 
the sense ampli?er and through the input/output buffer. 
As to the further details of the operation of the Dy 

namic RAM, US. Pat. No. 3,940,747 entitled “High 
Density, High Speed Random Access Read-Write 
Memory” can be referred to. 

Recently, the peripheral circuits at the dynamic 
RAM are formed of CMOS. The peripheral circuits 
comprise a clock generator circuit, a row and column 
address buffer, data in buffers and data out buffers 
shown in FIG. 1. The reason for this is that it decreases 
the power consumption of the dynamic RAM and it 
increases the speed of operation of the dynamic RAM. 
Meanwhile, a substrate voltage is applied 'to the sub 
strate of the dynamic RAM, mainly for the following 
reasons. The ?rst reason is that it decreases the bit line 
capacitance. The reason will be described in the follow 
ing with reference to FIG. 2. FIG. 2 is a partial sec 
tional view of a memory cell in a dynamic RAM. The 
memory cell comprises one transistor and one capaci 
tor. The transistor comprises a source 51, a drain 52 and 
a gate electrode 53 which serves as a word line. The 
capacitor comprises a storage gate 54, an N+ diffusion 
layer 52 and an insulating ?lm 55 interposed therebe 
tween. A bit line 56 is connected tothe N+ diffusion 
layer 51. Since the N+ diffusion layer 51 is formed on 
the main surface of the P type substrate, a PN junction 
is formed at the bit line connecting portion. Conse 
quently, a junction capacitance is generated here. The 
junction capacitance varies dependent on a voltage 
applied to the PN junction portion. Therefore, the junc 
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tion capacitance can be varied by applying a bias volt 
age to the substrate. The capacitance at the bit line 
connecting portion can be minimized, enabling fast 
operation of the dynamic RAM. 
Meanwhile, the read out voltage from the memory 

cell VR can be represented by the following equation. 

I 
VRa l ‘ VCC 

where 
CB: bit line capacitance 
CS: storage capacitance 
VCC: supply voltage For the above described rea 

sons, when a substrate bias voltage is applied, the capac 
itance C3 is decreased. Therefore, the ratio of CB/CS 
can be improved, ‘increasing the signal voltage of the 
read out voltage from the cell. 
The second reason is that it adjusts the threshold 

voltage of the transfer gate of the memory cell. The 
reason will be described in the following with reference 
to FIG. 3. FIG. 3 shows the relation between the sub 
strate bias voltage and the threshold voltage of the 
MOS transistor. As shown in the ?gure, the threshold 
voltage of the MOS transistor depends on the substrate 
voltage. When the substrate voltage is small (the por- ' 
tion A in the ?gure) the threshold voltage fluctuates 
widely, and when it is large (the portion B in the ?gure), 
the ?uctuation of the threshold voltage varies small 
even if the amount of ?uctuation of the substrate volt 
age is the same (V A >VB). It is not preferable to the 
operation of the dynamic RAM that the threshold volt 
age varies widely due to a slight fluctuation of the sub 
strate potential. Therefore, it is necessary that the MOS 
transistor is operated in the region where the ?uctuation 
VBB have little in?uence on the fluctuation of VTH. 
The third reason is that it prevents minority carriers 

from being injected when the signal is externally input 
ted. When electrons are injected in the substrate, the 
electrons are trapped in a capacitor (the reference nu 
meral 52 of FIG. 2) when no substrate bias voltage is 
supplied to the substrate. Consequently, the stored in 
formation in the memory cell are destroyed. If a sub 
strate bias voltage of about —3 V is applied to the sub 
strate, the electrons injected into the substrate can be 
trapped at the supply potential. 
FIG. 4 is a cross sectional view of a CMOS inverter 

which is often employed in a peripheral circuit of the 
dynamic RAM. The CMOS inverter comprises an N 
channel transistor formed on a main surface of a P type 
substrate 32 and a P channel transistor formed on a main 
surface of an N well 28. The N channel transistor com 
prises two N+ diffusion layers 23 and 24, and a gate 
electrode 27 formed above and insulated from the chan 
nel region, the end of which is de?ned by the N+ diffu~ 
sion layers 23 and 24. The P channel transistor, formed 
on the main surface of the N well 28, comprises two P+ 
diffusion layers 21 and 22 and a gate electrode 26 
formed above and insulated from the channel region, 
the end of which is de?ned by the P+ diffusion layers 21 
and 22. The N channel transistor and the P channel 
transistor are separated from each other on the main 
surface of the substrate 32 by an oxide ?lm 29. A supply 
voltage Vcc is connected to the N+ diffusion layer 25 
and to the P+ diffusion layer 21 formed on the main 
surface of the N well 28. One of the N+ diffusion layers 
24 constituting the N channel transistor is grounded. 
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The gate electrodes 26 and 27 are connected to an input 
line of the inverter, and the P+ diffusion layer 22 and 
the N+ diffusion layer 23 are connected to an output 
line of the‘ inverter. A vertical PNP transistor 30 and a 
lateral NPN transistor are parasitic upon the inverter. 
The reason for this is that the N well 28 is formed on the 
P type substrate 32. A substrate voltage V33 is applied 
to the substrate 32. 
FIG. 5 shows a conventionally used substrate voltage 

V33 generation circuit. This is shown in “Static and 
Transient Latch up Hardness in N-Well MOS with 
on-chip Substrate Bias Generator” D. Takacs, et al., 
IEDM 85, 1985. Referring to FIG. 3, the substrate volt 
age generation circuit comprises an oscillator 4 to 
which the supply voltage Vccis applied, a capacitor 3 
having one electrode connected to the oscillator 4, a 
?rst MOS transistor 1 having its gate electrode and 
source connected to the other electrode of the capacitor 
3, and a second MOS transistor having its drain con 
nected to the source of the ?rst MOS transistor 1 at a 
node 5 and its gate electrode and source connected to 
the substrate. 
The operation of the conventional substrate voltage 

generation circuit will be described. When the oscillator 
4 oscillates at 5 MHz and the voltage of Vcc, the poten 
tial of the node 5 becomes the threshold voltage VTHof 
the‘ MOS transistor. The reason for this is that when 
Vcc exceeds the threshold voltage VTH of the ?rst 
MOS transistor 1, the node 5 is grounded by the switch 
ing ftmction of the ?rst MOS transistor 1. On this occa 
sion, the second MOS transistor 2 is in the cut off state. 
When the voltage of the oscillator changes from Vcc to 
0, the potential of the node 5 tends to become VTH - 
Vcc. However, on this occasion, the second MOS tran 
sistor 2 turns on and electrons flow into the node 5 from 
V33. Consequently, the potential of V33 slightly low 
ers. By the repetition of the above described operation, 
the potential of V33 gradually becomes negative poten 
tial. The above described operation is the well known 
charge pump function and the detail thereof is shown in, 
e.g., “A 70-ns lk MOS RAM” R. D. Pashley and G. A. 
McCormick, ISSC Digest of Technical Papers, pp. 
138-139, Feb., 1976. 
FIG. 6 shows the dependency of the supply voltage 

(V cc) of the substrate voltage generation circuit of 
FIG. 3. The solid line a shows the standby state while 
the dotted line b shows the operating state. When the 
supply voltage Vcc becomes high, the high level of the 
output of the oscillator 4 also becomes high. As a result, 
the substrate voltage V33 becomes deep in the negative 
potential direction. As is shown in “Single S-V, 65k 
RAM with Scaled-Down MOS Structure” Hiroo 
Masuda et al., IEEE Transactions on Electron Devices, 
Vol. ED-27, No. 8, pp. 1607-1612, Aug., 1980. The 
substrate potential becomes shallow in the operating 
state. The reason is that the substrate current flows and 
the charge pump can not cope with this current. Conse 
quently, sometimes the substrate potential becomes 
positive potential due to the high resistance of the sub 
strate. Meanwhile, since the substrate current does not 
flow in the standby state, the substrate potential remains 
in the deep state up to a high supply voltage Vcc. In the 
standby state, however, sometimes the substrate be 
comes a positive potential due to a junction breakdown 
of the N+ diffusion layer and the substrate of the supply 
potential. 
When the substrate becomes the positive potential as 

described above, a latch up phenomenon occurs. The 
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4 
latch up phenomenon in the CMOS structure is well 
known. The latch up occurs with the bipolar transistors 
30 and 31 of FIG. 2 being turned on. The major causes 
of the latch up are as follows. 

(1) Causes in the normal operation 
Instant power failure 
Failure of the power supply of the dynamic RAM 
Generation of surge voltage 

(2) Accelerated test 
A supply voltage exceeding a speci?ed value is ap 

plied to the DRAM on purpose to screen defective 
DRAMs. When the latch up occurs, a current of some 
10 to some 100 mA flows between the supply voltage 
Vcc and the ground, the wiring materials melt causing 
the destruction of the device. 

SUMMARY OF THE INVENTION 

One object of the invention is to provide a method of 
and circuitry for preventing latching up of parasitic 
transistors in a semiconductor integrated circuit con 
taining ?eld effect devices. 
Another object of the invention is to provide a 

method of and circuit for preventing, in a semiconduc 
tor integrated circuit containing ?eld effect devices, 
latching up of parasitic transistors that tends to occur 
upon application of excessive power supply voltage to 
the integrated circuit. 
Another object is to provide a method of and circuit 

for preventing, in a dynamic random access memory 
integrated circuit containing ?eld effect devices, latch 
ing up of parasitic transistors that tends to occur upon 
application of excessive power supply voltage to the 
integrated circuit. 
A further object of the invention is to prevent latch 

ing up of semiconductor integrated circuits containing 
?eld effect devices upon application thereto of transient 
voltages that tends to temporarily increase the magni 
tude of the power supply voltage. 

Brie?y stated, an apparatus for controlling substrate 
bias potential in accordance with the present invention 
for a semiconductor device including a semiconductor 
substrate on which ?eld effect transistors are formed, 
the device including a power supply terminal, a ground 
terminal and a substrate bias terminal, parasitic capaci 
tance tending to be formed between the power supply 
terminal and the substrate bias terminal, the device 
further including a substrate bias generating circuit 
coupled to the power supply terminal and the ground 
terminal for generating a substrate bias voltage having a 
predetermined value and applying the substrate bias 
voltage to said substrate bias terminal, comprises a sub 
strate potential claiming circuit, comprising: (a) refer 
ence means for establishing a reference potential; (b) 
measurement means connected to the power supply 
terminal for measuring the magnitude of an external 
voltage applied thereto; and (c) control means respon 
sive to the measurement means for bringing the sub 
strate voltage of the substrate potential terminal to the 
ground potential when the external voltage magnitude 
exceeds the reference potential. 

Since an apparatus for controlling substrate bias po 
tential in accordance with the present invention com 
prises above described substrate potential clamping 
circuit, the substrate potential does not become the 
positive potential and, therefore, latch up phenomenon 
does not occur. 

In a preferred embodiment of the present invention, 
for a semiconductor device including a semiconductor 
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substrate on which ?eld effect transistors are formed, 
the device including a power supply terminal, a ground 
terminal and a substrate bias terminal, parasitic capaci 
tance tending to be formed between the power supply 
terminal and the substrate bias terminal, the device 
further including a substrate bias generating circuit 
coupled to said power supply terminal and said ground 
terminal for generating a substrate bias voltage having a 
predetermined value and applying said substrate bias 
voltage to said substrate bias terminal, a method of 
controlling the substrate bias voltage to prevent latch 
ing up of the device upon application of an excessive 
external voltage to the power supply terminal, compris 
ing the steps of: (a) establishing a reference potential; (b) 
measuring the magnitude of said external voltage ap 
plied to said power supply terminal; and (c) bringing the 
substrate voltage at said substrate potential terminal to 
said ground potential when the external voltage magni 
tude exceeds the reference potential. 

Since the method of controlling the substrate bias in 
accordance with the present invention comprises the 
above described steps, a method of preventing latching 
up of parasitic transistors in a semiconductor integrated 
circuit containing ?eld effect devices can be provided. 

In a more preferred embodiment, an apparatus for 
controlling substrate bias potential comprises a sub 
strate bias generation circuit having a supply terminal, 
ground terminal and a substrate bias terminal, being 
connected between the power supply terminal and the 
ground terminal for generating a substrate potential 
having a predetermined value and for applying the same 
to the substrate bias terminal, and a substrate potential 
clamping circuit including a plurality of ?rst MOS tran 
sistors connected in series between the power supply 
terminal and a node, a second MOS transistor provided 
between the node and the ground terminal and operat 
ing in response to the supply voltage, a third MOS 
transistor provided between the substrate bias terminal 
and a node and operating in response to the potential of 
the ground terminal and a fourth MOS transistor con 
nected between the substrate bias terminal and a ground 
terminal and operating in response to the potential of 
the node. ' 

By structuring the apparatus for controlling substrate 
potential as described above, the operation voltage of 
the substrate potential clamping circuit can be freely set 
by changing the number of the ?rst MOS transistors. 
These objects and other objects, features, aspects and 

advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the whole struc 
ture of a dynamic type semiconductor memory device; 
FIG. 2 is a cross sectional view of a memory cell of 

the dynamic type semiconductor memory device; 
FIG. 3 shows a relation between the substrate bias 

voltage and the threshold voltage of MOS transistor; 
FIG. 4 is a cross sectional view of a CMOS inverter 

employed in the peripheral circuit of the dynamic type 
semiconductor memory device; > 
FIG. 5 shows a conventional substrate voltage gener 

ation circuit; 
FIG. 6 shows the relation between the substrate volt 

age and a supply voltage when the circuit of FIG. 3 is 
applied to a dynamic RAM; 
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6 
FIG. 7 shows the substrate voltage generation circuit 

in which the substrate voltage clamping circuit of the 
present invention is incorporated; 
FIG. 8 shows the relation between the potentials at 

major points and a state of each transistor incorporated; 
FIG. 9 illustrates the potential at the node N1; and 
FIG. 10 shows the relation between the substrate 

voltage and a supply voltage when the substrate voltage 
clamping circuit of the present invention is employed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

One embodiment of the present invention will be 
hereinafter described with reference to the ?gures. 
FIG. 7 shows the substrate voltage clamping circuit 
incorporated in the substrate voltage generation circuit 
of the dynamic type semiconductor memory device in 
accordance with the present invention. 

Referring to FIG. 7, the substrate voltage clamping 
circuit comprises a plurality of N channel MOS transis 
tors connected in series such that the gate and source 
connected to the supply conductor Vgg, the drain con 
nected to the gate and source of the succeeding transis 
tor and the drain of the last transistor is connected to the 
node N1, an N channel MOS transistor 12 having its 
gate connected to the supply conductor Vac, its source 
connected to the node N1 and its drain connected to the 
ground V55, an N channel MOS transistor 13 having its 
gate connected to the ground V55, its source connected 
to the substrate conductor V33 and its drain connected 
to the node N1 and an N channel MOS transistor 14 
having its gate connected to the node N1, its source 
connected to the substrate conductor V31; and its drain 
connected to the ground V55. The on resistance of the 
substrate voltage generating circuit (the current pro 
~vided by the charge pump circuit) is relatively larger 
than that of the transistor 14. The on resistance of the 
transistor 12 is relatively larger than that of the transis 
tor 13. The on resistance of the transistor 12 is relatively 
larger than that of the substrate voltage generating 
circuit. In addition, the on resistance of the transistor 14 
when it is on is relatively larger than that of the on 
resistance of the diode connected transistor 11 formed 
of a plurality of transistors. 
The operation of the circuit of FIG. 7 will be de 

scribed. 
When the supply voltage Vcc is at low level, all of 

the n transistors are not on and only the transistor 12 is 
on. As a result, the potential of the node N1 is drawn to 
the ground. On this occasion, since the substrate poten 
tial V3]; is negative potential, the transistor 13 is turned 
on. However, since the on resistance of the transistor 12 
is suf?ciently larger than that of the transistor 13, the 
potential of the node N1 becomes the negative potential 
almost the same as the substrate potential VBB. There 
fore, the transistor 14 doesn’t turn on and a normal 
substrate voltage is applied to the substrate. On this 
occasion, although a through current ?ows through the 
transistors 12 and 13, the substrate voltage is not in?u 
enced because the on resistance of the transistor 12 is 
large. 
Meanwhile, when the supply voltage Vcc is at high 

level, all of the n transistors 11 are on. Since the on 
resistance of transistor 12 is larger than that of the n 
transistors 11, the potential of the node N1 becomes 
high level. Therefore, the transistor 14 turns on and the 
substrate potential V33 is forced to be the ground V55. 
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The high potential of the node N1 is not transferred to 
the substrate potential V33, since the transistor 13 is off. 

Based on the above described operation, a process 
will be described in which the substrate potential is 
clamped to O V when the substrate potential exceeds a 
prescribed value. 
FIG. 8 shows the potential at major points of the 

substrate bias circuit and the on/off state of each of the 
transistors at that time. Referring to FIG. 8, in the nor 
mal operation, the supply voltage is maintained at about 
5 V. On this occasion, only the transistors 12 and 13 are 
on and the transistors 11 and 14 are off. In the normal 
operation, the potential of the N1 is determined by the 
ratio of the on resistance of the transistors 12 and 13. 
Since the on resistance of the transistor 12 > > the on 
resistance of the transistor 13, the potential at the node 
N1 is maintained at about’ —VBB. The reason why it is 
not exactly —VB5 is that a little current flows through 
the transistor 12. On this occasion, the substrate poten 
tial is kept at —VB5. If an accident such as an instant 
power failure, generation of surge voltage and so on 
happens, the supply voltage Vcc increases. At that 
time, all of the n transistors are turned on. consequently, 
the potential at the node N1 becomes Vcc -A, where 
A=n.VTH(n is the number of the transistors 11). Conse 
quently, the transistor 14 turns on and the substrate 
potential V33 is clamped at 0 V. 
As described above, when the supply voltage Vcc 

exceeds a certain value, the substrate potential V33 can 
be brought to the ground voltage V53. This certain 
value of the supply voltage Vcc can be adjusted by the 
threshold value and the number of the transistors 11. 
FIG. 10 shows the characteristic of the substrate 

voltage when the circuit of FIG. 7 is applied to the 
dynamic RAM. The solid line a shows the standby state 
of the RAM while the dotted line b shows the operating 
state of the RAM. As is seen from the ?gure, in the 
RAM employing the circuit of FIG. 7, the substrate 
voltage V33 becomes GND when the supply voltage 
Vcc exceeds a certain value. As described above, the 
certain value of the supply voltage V¢cis adjustable. If 
this value is adjusted to be the value near the break 
down voltage of the junction in the substrate, the sub 
strate voltage does not become positive even when the 
voltage value becomes high. Consequently, the value of 
the supply voltage Vcc which causes the latch up phe 
nomenon can be greatly raised. 
Although an N-well CMOS structure is described in 

the above described embodiment, a P-well CMOS 
structure may be also used. It goes without saying that 
the same effect described in the above embodiment can 
also be obtained in this case. 
As described above, according to the present inven 

tion, an apparatus for controlling substrate bias poten 
tial for a semiconductor device including the semicon 
ductor substrate on which ?eld effect transistors are 
formed, the device including a power supply terminal, a 
ground terminal and a substrate bias terminal, parasitic 
capacitance tending to be formed between the power 
supply terminal and the substrate bias terminal, the 
device further including a substrate bias generating 
circuit coupled to the power supply terminal and the 
ground terminal for generating a substrate bias voltage 
having a predetermined value and applying the sub 
strate bias voltage to said substrate bias terminal, com 
prises a substrate potential clamping circuit, compris 
ing: (a) reference means for establishing a reference 
potential; (b) measurement means connected to the 
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power supply terminal for measuring the magnitude of 
an external voltage applied thereto; and (0) control 
means responsive to the measurement means for bring 
ing the substrate voltage of the substrate potential ter 
minal to the ground potential when the external voltage 
magnitude exceeds the reference potential. The sub 
strate voltage is clamped at the ground potential when 
the power supply voltage exceeds a prescribed high 
voltage value. As a result, a semiconductor integrated 
circuit containing ?eld effect devices capable of pre 
venting latching up of parasitic transistors is provided. 
Although the present invention has been described 

and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 
What is claimed is: 
1. For a semiconductor device including a semicon 

ductor substrate on which ?eld effect transistors are 
formed, said device including a power supply node, a 
ground node and a substrate bias node, parasitic capaci 
tance being formed between said power supply node 
and said substrate bias node, said device further includ 
ing a substrate bias generating circuit coupled to said 
power supply node and said ground node for generating 
a substrate bias voltage having a predetermined value 
and applying said substrate bias voltage to said substrate 
bias node, a substrate potential clamping circuit, com 
prising: 

(a) reference means for establishing a reference po 
tential; 

(b) measurement means connected to said power 
supply node for measuring the magnitude of an 
external voltage applied thereto; and 

(c) control means responsive to said measurement 
means and said reference means for clamping the 
substrate voltage of said substrate potential node to 
said ground potential while the external voltage 
magnitude exceeds said reference potential. 

2. A substrate potential clamping circuit according to 
claim 1, wherein said reference means comprises a plu 
rality of diode connected ?rst switching devices. 

3. A substrate potential clamping circuit according to 
claim 2, wherein said ?rst switching devices comprise 
first ?eld effect transistors and said reference potential is 
denoted by a sum of threshold voltages of said plurality 
of ?eld effect transistors. 

4. A substrate potential clamping circuit according to 
claim 3, wherein said reference potential comprises a 
value near the junction breakdown voltage of said semi 
conductor device. 

5. A substrate potential clamping circuit according to 
claim 2, wherein said measurement means comprises 
said plurality of diode connected ?rst switching de 
vices. . 

6. A substrate potential clamping circuit according to 
claim 5, wherein said measurement means includes 
means for comparing the sum of the threshold voltages 
of said ?rst ?eld effect transistors with said external 
voltage. 

7. A substrate potential clamping circuit according to 
claim 2, wherein said control means comprises a second 
switching device provided between said substrate bias 
node and said ground node and operates in response to 
an output of said ?rst switching device. 
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8. A substrate potential clamping circuit according to 

claim 7, wherein said second switching device com 
prises a second ?eld effect transistor. 

9. For a semiconductor device including a semicon 
ductor substrate on which ?eld effect transistors are 
formed, said device including a power supply node, a 
ground node and a substrate bias node, parasitic capaci 
tance being formed between said power supply node 
and said substrate bias node, said device further includ 
ing a substrate bias generating circuit coupled to said 
power supply node and said ground node for generating 
a substrate bias voltage having a predetermined value 
and applying said substrate bias voltage to said substrate 
bias node, 

a substrate potential clamping circuit, comprising: 
(a) reference means for establishing a reference 

potential; 
(b) measurement means connected to said power 

supply node for measuring the magnitude of an 
external voltage applied thereto; and 

(0) control means responsive to said measurement 
means and said reference means for clamping the 
substrate voltage of said substrate potential node 
to said ground potential while the external volt 
age magnitude exceeds said reference potential; 

wherein said reference means comprises a plurality of 
diode connected ?rst switching devices comprising 
?rst ?eld effect transistors; 

wherein said measurement means includes means for 
comparing the sum of the threshold voltages of 
said ?rst ?eld effect transistors with said external 
voltage; and 

wherein said control means further comprises a sec 
ond ?eld effect transistor provided between said 
substrate bias node and said ground node and oper 
ates in response to an output of said ?rst ?eld effect 
transistors. 

10. A substrate potential clamping circuit according 
to claim 9, wherein said control means further com 
prises 

' a third ?eld effect transistor provided between said 
substrate bias node and the output of said ?rst ?eld 
effect transistor which operates in response to the 
potential of said ground node; and 

a fourth ?eld effect transistor provided between the 
output of said ?rst ?eld effect transistor and said 
ground node which operates in response to the 
output of said supply node. 

11. A substrate potential clamping circuit according 
to claim 10, wherein the on resistance of said third ?eld 
effect transistor is selected to be smaller than that of said 
fourth ?eld effect transistor. 

12. For a semiconductor device including a semicon 
ductor substrate on which ?eld effect transistors are 
formed, said device including a power supply node, a 
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ground node and a substrate bias node, parasitic capaci— 
tance being formed between said power supply node 
and said substrate bias node, said device further includ 
ing a substrate bias generating circuit coupled to said 
power supply node and said ground node for generating 
a substrate bias voltage having a predetermined value 
and applying said substrate bias voltage to said substrate 
bias node, 

a method of preventing latching up of said device 
upon application of an excessive external voltage to 
said power supply node, comprising the steps of: 
(a) establishing a reference potential; 
(b) measuring the magnitude of said external volt 

. age applied to said power supply node; and 
(c) clamping the substrate voltage at said substrate 

potential node to said ground potential while the 
external voltage magnitude exceeds said refer 
ence potential, 

13. A method according to claim 12, wherein said 
step of establishing said reference potential comprises 
the step of using a sum of threshold voltages across a 
plurality of diode connected ?rst ?eld effect transistors 
to provide said reference potential. 

14. A method according to claim 13, wherein said 
reference potential comprises a value near a junction 
breakdown voltage of said semiconductor device. 

15. A method according to claim 13, wherein said 
step of measuring the magnitude of said external voltage 
comprises the step of comparing said sum of threshold 
voltages across the ?rst ?eld effect transistors with said 
external voltage. 

16. A method according to claim 15, wherein said 
step of clamping said substrate voltage at the substrate 
potential node to said ground potential comprises the 
step of connecting a second ?eld effect transistor be 
tween said substrate bias node and said ground node and 
operating said second ?eld effect transistor in response 
to an output of said ?rst ?eld effect transistor. 

17. A method according to claim 16, wherein said 
step of bringing said substrate voltage at the substrate 
potential node to said ground potential further com 
prises the steps of connecting a third ?eld effect transis 
tor between said substrate bias node and an output of 
said ?rst ?eld effect transistors and operating the third 
?eld effect transistor in response to the potential of said 
ground node; connecting a fourth ?eld effect transistor 
between said output of said ?rst ?eld effect transistors 
and said ground node and operating said fourth ?eld 
effect transistor in response to the output of said supply 
node. 

18. A method according to claim 17, including select 
ing resistance of said third ?eld effect transistors to be 
smaller than that of said fourth ?eld effect transistor. 
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